We describe an explicit simulation of 2-way nondeterministic automata by 1-way alternating automata with quadratic blow-up. We first describe the construction for automata on finite words, and extend it to automata on infinite words.
Introduction
The theory of finite automata is one of the fundamental building blocks of theoretical computer science. As the basic theory of finite-state systems, this theory is covered in numerous textbooks and in any basic undergraduate curriculum in computer science. Since its introduction in the 1950's, the theory had numerous applications in practically all branches of computer science, from the construction of electrical circuits [Koh70] , to the design of lexical analyzers [JPAR68] , and to the automated verification of hardware and software designs [VW86] .
From its very inception, one fundamental theme in automata theory is the quest for understanding the relative power of the various constructs of the theory. Perhaps the most fundamental result of automata theory is the robustness of the class of regular languages, the class of languages definable by means of finite automata. Rabin and Scott showed in their classical paper that neither nondeterminism nor bidirectionality changes the expressive power of finite automata; that is, nondeterministic 2-way automata and deterministic 1-way automata have the same expressive power [RS59] . This robustness was later extended to alternating automata, which can switch back and forth between existential and universal modes (nondeterminism is an existential mode) [BL80, CKS81, LLS84] .
In view of this robustness, the concept of relative expressive power was extended to cover also succinctness of description. For example, it is known that nondeterministic automata and two-way automata are exponentially more succinct than deterministic automata. The language Our focus in this paper is on simulation of bidirectionality by alternation. The interest in bidirectionality and alternation in not merely theoretical. Both constructs have been shown to be useful in automated reasoning. For example, reasoning about modal -calculus with past temporal connectives requires alternation and bidirectionality [Str82, Var88, Var98] . Recently, model checking of specifications in -calculus on context-free and prefix-recognizable systems has been reduced to questions about 2-way automata [KV00] . In a different field of research, 2-way automata were used in query processing over semistructured data [CdGLV00] .
We found Birget's construction, simulating bidirectionality by alternation with quadratic blow-up, unsatisfactory. As noted, his construction is indirect, using a chain of reductions. In particular, it uses the reverse language and, consequently, can not be extended to automata on infinite words. The theory of finite automata on infinite objects was established in the 1960s by Büchi, McNaughton and Rabin [Büc62, McN66, Rab69] . They were motivated by decision problems in mathematical logic. More recently, automata on infinite words have shown to be useful in computer-aided verification [Kur94, VW86] . We note that bidirectionality does not add expressive power also in the context of automata on infinite words. Vardi has already shown that given a 2-way nondeterministic Büchi automaton with 6 states one can construct an equivalent 1-way nondeterministic Büchi with
¡ ¢¨
states [Var88] .
Our main result in this paper is a direct quadratic simulation of bidirectionality by alternation. Given a 2-way nondeterministic automaton with 6 states, we construct an equivalent 1-way alternating automaton with " !6 ¡ $ # states. Unlike Birget's construction, our construction is explicit. This has two advantages. First, one can see exactly how alternation can efficiently simulate bidirectionality. (In order to convert the nondeterministic automaton into an alternating automaton we use the fact that the run of the 2-way nondeterministic automaton looks like a tree of "zigzags". We analyze the form such a tree can take and recognize, using an alternating automaton, when such a tree exists.) Second, the explicitness of the construction enables us to extend it to Büchi automata. (In the full version we also give a construction for 2-way nondeterministic Rabin and parity automata.) Since it is known how to simulate alternating Büchi automata by nondeterministic Büchi automata with exponential blow-up [MH84] , our construction provides another proof of the result that a 2-way nondeterministic Büchi 
Automata on Finite Words
We start by transforming 2NFA to 1AFA. We analyze the possible form of an accepting run of a 2NFA and using a 1AFA check when such a run exists over a word. Figure 1a we see that a run of takes the form of a tree of 'zigzags'. Our one-way automaton reads words moving forward and accepts if such a tree exists. In Figure 1a we see that there are two transitions using § . where no two states in an even place (forward states) are equal and no two states in an odd place (backward states) are equal. We further demand that the first state in the sequence be a successor of
The transition at a pair state When the alternating automaton is in a pair state 
Automata on infinite words
We may try to run the 1AFA from Section 3 on infinite words. We demand that pairlabeled paths be finite and that the infinite singleton-labeled path visit 
The proof is just an elaboration on the proof of the finite case. In Appendix D we hilight the points of difference. Remark: In both the finite and the infinite cases, we get a 1-way alternating automaton with " !6 ¡ # states and transitions of exponential size. Birget's construction also results in exponential-sized transitions [Bir93] . Globerman and Harel use 0-steps in order to reduce the transition to polynomial size [GH96] . Their construction uses the reverse language and can not be applied to infinite words. If we use 0-steps, it is quite simple to change our construction so that it uses only polynomial-sized transitions. We note that the transition size does not effect the conversion from 1ABW to 1NBW.
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A Always moving automata
In this section we show that every 2-way nondeterministic automaton can be converted to an automaton whose transition is of the form
, a 0-step in a run of is when two adjacent states in the run read the same letter. Formally, in the run 
A.1 Automata on finite words
Apparently, j is 0-step free. 
Claim. L(A')=L(A)

